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(54) FLUORESCENT PROBE FOR DETECTING ACTIVATED ENZYME 

(57)Abstract: 

PROBLEM TO BE SOLVED: To specifically detect peroxide species and to excite visible light 
by using a probe for detecting active oxygen where one benzene of triphenylphosphine is 
substituted with a visible light excitation fluorescent residual group. 

SOLUTION: One of the triphenylphosphine of a probe for detecting active enzyme is substituted 
with a visible light excitation fluorescent residual group. The residual group of a fluoresceine 
analogous compound is used as the visible light excitation fluorescent residual group, and the 
fluoresceine analogous compound is preferably set to non-substitution hydroxyphenylfluorene. 
Since they react with hydroxyradical extremely sensitively, a fluorescenct oxidation group that 
is specifical to a specific active oxygen species can be designed and the specific active oxygen 
species at a specific generation site can be detected by designing the combination of a reactive 
part and a fluorescent part. 
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(54) {%m(Dm} mmmkaMmfn-^f 
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TPP-HFl 




CuO 



TPP-HF2 




TPP-HF, TPPO-HF?S 
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[0 0 0 1] 
[0 0 0 2] 
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Yf ^ (superoxide dlsmutase : SOD) 

[0 0 0 3] 

[^ki] 



so 
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CH30 




SECCA 




COOH 



DAF-2 





NO 




DAF.2T 




DPAX-2 



DPAX-2.EP 



[0 0 0 41 m^mm<o±^n. ^{^p%izis\,^xi'im^ 



40 [0 0 0 51 :i(DXof£^Mtl.X. yyi-yi-i^^^O 

(fluorescein) ^p— (rhodamine) <Dv?t Kd 
fl^T'fc5TIE2(D{b-^!|^(Dv'i^ n oi;^t V a 7 l^ir: 
■Y y (H 2 D C F D A=dichlorodihydrof luorescein) 
^'JH }faa—V^y (dihydororhodaBinel23) A^HIS 

[0 0 0 61 
Ut2] 



so 
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-O' ^ OpOCHj 
HjDCFDA 



COOCH, 




Dihfdrorlwdamlnc 123 



■^m&x^ti\i-^nx\ •femJ4^ifflJ3af*3fc:g* 5 :i i: li^Wtl 

[0 0 0 8] HlilsroJ;5l-> 1t*7i^3l;6SMII$ixT# 
2O2, • OH. fe5VM4^#:^^>c03i^^k#jSr3l^6<] 
mw.m\t\z^^x%(r>mL'^^%'^^fi^tmiy^ 

10 0 0 9] 

V (Triphenylphosphine) 4;fcliloK) 



}£(r>mk\mb^mx. < s^s-fs r t tmhi^xi^ , 

ilX V "> 5 (U . Pinkernel 1 . S . Ef fkemann , U . Karst : Anal . Ch 
em. .69,3623-3627(1997)) , ^^(Oit-^mtmt^iX'i 

[0 0 10] 

m&xmmi^fc^mkmikiiim^^^o-^xh'o . » 

* L < fi> 9!llE^«3tlSl)e«3tSS: u-fe'f i^^iS 
[0011] 

^^Bj T p p - H F ?i*5 J; tJ«T p p o - H F ISro-fk-g-!^ 

A^*cfif)/i<ii^!t^3 1 LTfi, TIE 3 ro«ig^-c-S$ix5 1 
<Oi:mfi>^ti)iX'^i. 
[0 0 12] 



50 




(5) 



TPPO-HFl 



TPP-HF, T 
[0013] A:TTP-HF 1 tJiU^T P P O-HF 

2.2' ,4.4'-'r hye h^u^i^^yy^yzn/XD^^ 

1. J3-U)//U>^>'^6.00g (38.9mmol) . )^^^y J 

-/We.lOg (55.4mmol) . m^\zM'^\^fdmcm^l^% 

(iSOmraol) . ;r=3r'iy:e>fky >^32ml(340mraol)5r 1 2R#Pb1 
-mMTQW^. Sl^;?^^7lC7K(-foit. it^^iilSiL. 2, 
2' .4.4*-x h7 1 Ko:3^v'^:xi/:7 3i/:/Sr#fco iR ao 

8. 4 0g.iR^8 7. 3%. 7KJ;t)f¥l^ft^ fSfe 
tft^^. 1 9 6- 1 9 8*^0 

^H-NMR (300MHz. DMSO-d 6) 6:6.30 (2H.dJ=2.2H 
z) 6.31 (2H.dd.J=2.2.9.2Hz).7.71(2H.d.J=9.2Hz).ll. 
26 (4H.br) 

2. 3.6-v^t K^:3ei/:3ei^Vv'-9-.:t•>'0'g'^ 
2.2',4,4'-x hy t Knarv/^y>^:7:ny >^1.00g(4.03 
inmol)(;i7k50ffll^JD^. 2 P PbI:^- h ^ U-7'q3-C200-2 

itSlL. 3.6-i^t: Kn2^v^A^-9-:^x.9-:^>'Sr#fcio 4o 

2 Omg .IR^7 6. 9% 
iH-NMR (300MHz. DMSO-d 6) 6:6.82 (2H.d.J=2.0H 
z) 6.86 (2H.dd,J=2.2,8.6Hz).7.98(2H.d.J=8.6Hz).10. 
75(2H.s) 

3. 3.6-t:*;^ (t-y^/Ui^;^^/^i^y n^-y) 

KP^£/:^ih^^X-9-:^:/1.73g(7.50rafflol)^* 

{75.0nimol), t ^/U^^ d n i/P ^i^>^6.75 

g(45.0mmol)S:«S*nL. ^}&-e 2 ^Pfl^i^i-5o SJ:S?i5 50 




^#M2 0 00-321262 



TPP0.HF2 



P PO-HFSl 

x.T^<®U X^JgcflE«*t-it)efe@«^tbT3.6-lf 
>^ (t-y^/Uv^^tf-zi^v^y D^v^) =3^1^yx-9-:^-^^ 
S:#fcio 3. 3 5 g. IR^9 6. 5%. 

/W<t «9 S^fB. HifeffiKfH. fit.^ 1 5 1 - 1 5 4t: 
^H-NMR (300MHz. CDC b) 6:0.29 (s.l2H) 1.01 
(s . 1 8H) . 6 . 83 -6 . 87 (m . 4H) . 8 . 20 (d . 2H . J=7 . 3Hz) 
4. TPP-HFIO^^ 

A-':f xi^y :3L:=^j\y-yy -i^^jVi^T^y ^ 1/ \ O 2mg 
(0. 3 0mmol) ^MtR 2 - ^ h y t Kn :7 

^75is^?i5fcitLT- 1 5 ot:fe:?^a-r5o t -y^/i^y 

f-lJ^i*. (1. 5M, n-^^^^'i^^) 0. 22ml 

(0. 3 3mmo I) ^AO^. y ^ A^fk-f- 

So :itb(-l. 3) T'g^^Lfc3.6-b'>^ (t-y^/l^v^ 
p<^yw^>y P^^v') =^^i^:x7^-9-:^>^274mg^x K 
p77y(c^;!)^Lyc:tO>^jgTU iajKA^- i 3 OtiS: 
^|^/j^v^i:5^-L^fe;65C>S^::3 0^Jt«^-f-5o ^^^^S 
j$:?KlC7K^*PxTy^^7i.jS^5J^)^L. ^?U*T*?a;S^ 

Sr«J»fi-«.t*t:iffii7kKlj:j;iJ;9^^«t&i: LT. TPP 
-HFl^#fCo K?5iaiE?g*(-<t«9g^^^l^#. i/y 

^i-$o flX*. 5 9mg.KX^4 1. 7%. v?^PDp« 

iH-NMR (300MHz.DMS0-d6) 6:6.63 (in.4H).7.06 
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(d.2H,J=9.3Hz).7.3-7.5(m,14H).FAB MASS 473(M* + 
1) 

5. TPPO-TFl <D^f$, 

47mg(0. ImmoDOTPP-HFlSr;^^/ 
—M^mt^L. 3 0%H2O2zKJ^jS$rAPx.. ^ST-}t 
W-r^o X*)H202t/^y -yuSrl^t T P 

PO-HF lSr;ti:Wlc#5o /-yuj: ijS^fe, 



^BuL^n hexane 
In 2>M©THF 




•150C 

(Nyisopemane) 



iH-NMR OOOMHz.DMSO-de) 6:6.47 (d.2H.J=2.0H 
2) .6.50 (dd.2HJ=:2.1.9.2H2) .6.97(d.2H.L=9.2) .y.S- 
Z.GCffl. 14H) .FAB MASS 489(M*+1) 
T P P - H F mRU^T P P O - H F m<ORJt^Ai:TB 4 

[0 0 14] 
nk4] 




RO' 




In THP 



OR 



<-l30'C 

(N^sopentano) 




AcOH 



r.L 




HO' ^ "0'' ^ O 
X:H TPP-HF18a 
X:CITPP-UF18b 



[0 0 15] 



T P P - H F ^(D^f^%I^}t^ J^ 
lit 5] 




X:H TPP.HF18a 
X:CITPP-HF28b 



Hz02 
InMeOH 



r.t. 




HO" ^ 0 ^ ^0 
X:H TPPO-HFl 9a 
X;CITPP0-HF2 9b 



TPPO-HF 
[0016] B : TPP-HF 2t5j;t/TPPO-HF 

1. 5_>5^nD-/3 - U^/yUv'VifeO'^^ 
j3-U'>^/Wv^:/®^2 5 g (0. 1 6mo I) «:K®g4 0 
Omn;i^/6^L. SOzCl2l3ml (0. 16mo 
1) i:m^. mm.vmWir^o Ri$:«^Tm> RJ^^?St-7k 



iH-NMR (300MHz.DMS0-d6) 6:6.47 (lH,s).7.66 
(lH.s),11.20(2H.s).11.22(lH.br) 
2. 5,5'-':>^ciD-2.2'.4.4'-'7' h 7 t: Knaf^^/^V 

>//Wv-/-/U23g (leOmmol) .ilffc 

6g (410inmol) ^ y :^93ml (990minolj S: 1 ^ 




(7) 



11 

iH-NMR (300MHz, DMSO-de) 6:6.55 (2H.s) 7.28 
(2H.s).11.16(2H,s).11.22(2H,s) 

y >'1.3g(4,lmmol)(-7K50iDl^JPx. 3.6->^t: Kn^'> 

Vx-9-:^->'(7):^'S'i: bT2.7- v^iJ' d p -3.6- io 

^8 4. 2% 

»H-NMR (300MHz.DMS0-d6) 5:7.03 (2H.s) 8.00 
(2H.s) .ll.21(2H.s) 

4. 3.6- tr^^ (t-r/^^v^i-v^^^/^ixy p:^iy) -2.7- 

p n-3.6-i^t: Kn ^^^-yrarf-:^-?" -9-:t^^777mg 
(2.62ramol) ^MtRv^p^ f^/U/^/UiNT ^ K70mlf^^:*^*ro 
^ 5^>^— /H.78g(26.2mmol), t - ^^^/U-v^P* ^/^^ 
Dnv^Darify2.37g(15.7mraol)?r^DL. 3.6-f;^ 20 

-2.7-v^^PP=^f'>^T--9-:^->'^#/Co 11X1:1. 26 
^» 

iH-NMR (300MHz, CDCh) 5:0.33 (s.l2H) L07 
(S.18H).6.90(s.2H).8.29(s,2H) 

5. TPP-HF2 (D^^ 

A—'^u^y 3Lz:^)V^yy 3:.:^jVi^7.y ^ 0 7mg 
(0. 9 Ommo I) Sr^7k2~yf-yUT' hyt Kp:7 30 

7V18mUC^<^i-5o t-y^/uy^!>A (1. 5 

M, n-^y^'y^?^) 0. 6 6ml (0. 9 9mmo 
1) . 3.6-tf;^ ( t -r/^/^v^^^/L-v-y P=^i/) -2.7 

p n^rf->"r-9-:t>^8 2 2ing (1. Smmo 
1) (Oxhye Kp:77^^^^0[S:ffl\/^TTPP-HF 1 

tI^«{CLTTPP-HF2S:#fCo IR»40. 3m 

JH-NMR (300MHz. DMSO-de) 6:6.48 (s.2H) 7.00 
(s.2H).7.3-7.5(m.l4H).FAB MASS 542(M*+1) 4o 

6. TPPO-HF2<0'g^^ 

54mg (0. Immo 1) OTPP-HF2$:p<:5'y 
—MzMt^\^. 3 0%H2O27K^?K«r*P^. ^?aT*tt 

PPO-HF2Sr^*e^l;i#5o v^iJ^ o i5^>' : 
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^H-NMR (300MHz.DMS0-d6) 6:6.62 (s.2H) 7.04 

(s.2H).7.6-7,9(ni.l4H).10.79(s.lH).FAB MASS 558{M 
^+1) 

[0 0 171 TPP-HFS<Oi^tt 
A : SuE'&^^^TPP-HF?|gJtt;TPPO-HFliC0 

^^LfcTPP-HF^ioJ:i;TPPO-HF«(7)3j5c 

te®*^-^^ Lfdo ay^fio. iM-M-yr> 

i.y yg^/<:y:7r- (pH7. 8) TPP-HF. 
TPPO-HF!li<7)SSl O/xM-effofco ^«SrS 1 
(I) , (II)*5J:15[1I2 0 (I) , (lOd^i-o TP 

P-HFl. TP P-HF 2^^V^-f^^^^*'g'^-t^ ^ftt 
^fef4^Tt-*5V^T®^{k;^Tfc 5 T P P O - H ^"^(015^^^ 

[00181 TPP-HF!KJ3j:O^TPPO"HFlS(7) 

T P P - H F « ^^Sfi^^f+TTffl 1/ > ^ i6 ^ift® 
^-eg^?i^3tS:*1-ii^>S>d5fc^ycii). TPP-HF. 
TPPO-HF^<0*3t<^pHte#tt^<^lf*Lfco S'J^ 
tt. 5 OmM-^-hy l>Ay >^S6^ifK^'. 2 0t:TtTo 
fCo 5 0mM(?DNa3PO4 • 1 2H2O. Na2HP04 
• 1 2H2O. NaH2P04 • 1 2H2O. H3P04t07K 

p y V-g^^iS t Lfco mmM^^\'C^m(0 2 mO 
MF^*KS:SajPLT> .:^3t^S0^Ufco TPP-HF, 
TPPO-HF®(^ft!iiliSffif^l /iMt LfCo S'J^lg* 

Sriaa, fc^J:t/[ll4tc:^i-o aej&fi. SJtJSSf^-ttb 

•t^iX. TPP-HFl (Ex. 495inra/Em.520nin) . TP 
PO-HFl (Ex. 495nm/Em. 525nffl) . TPP-HF 
2 (Ex. 507nm/Eni. 527nm) . TPPO-HF2 (Ex. 
509nm/Effl. 533nm) T^ffofCo 
[0 0 191 Kaleida Graph-CTIS^OH-^Sil^-ifc (f 
i t) $-^T. pKafia^S^aibfCo ^(OJfgaSrSUC 

pKa^fiO^W 

F = Fma x/ (1 + 1 0 <pi^-pH) ) +Fm i n/- (1 

+ 10 (p^-p'^^^ ) 

F=S)t3fiS (Fluorescence Intensity) 

Fma X =S::'^3^3t3ltjS (Maximum Fluorescence Inten 

sity) 

Fm i n =ft/J^:£&3t3fiS (Minimum Fluorescence Inten 
sity) 

[0 0 2 01 

[«1] 
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|J KX 21 


P m a X 


1* m i n 


K, 


TP P-HF [ 


7.9 4 


2 9 2 


14.5 


0.996 


TP PO-HF 1 


6. 2 9 


2 9 2 


7 1.0 


0.994 


TPP-HF2 


7. 6 t 


6 6 7 


3 6.1 


0.991 


TP PO-IIF 2 


4.9 1 


7 4 4 


3 1.3 


0 . 9 9 8 



[0 0 2 1] mUmS, *5j;i;ig4A»f>TPP-HF!^ 

(t p H 8 i 19 ■hmtmmx'itmL< ^ytm&r^^b^ < « 

V'H, TP P-HF. TP PO-HF-ttU-etVO-fli-a-i^ 
ropKajgdtfe^LfcS^T-fctJ, IS^tLTTPPO 
- H F r t J; 9 4>i4{^fix-^5t5SS;6SJi»P 

10 0 2 2] TPPO-HF!lro^3fcroJSSft#tt 

TPP-HFS;45;tl:roS6<jlo:fiefflnrtld^t'5^\ TP 
P O-H F!aw*3t3fi«(0^g«fe#tt^Sg^5 r t J; 
•J. i^f^Lfc. pH7. 4(0-^-MJ !?i>.y i^Sf/^S'T'r 20 

tJStyto 3$;^Sr0 5 ic^-r. TP PO-HF® wS^t 
(4TPPO-HF3®<Dg^ttaHLT*JU, 



[00 2 3] rtt*-e<D:^f*©ifS*, mm • «3tjgift!i» 
S&ftT-fcSri:, *fctfJttftS{;it5»t5TPPO-H 
F!l(D^3t3i^;4S$;£bTV^5 r t T P P -H 

F 1 i:lt|!{UTTPP-HF 2 (D:&z55i^?t^^W«^i: L 

[0 0 2 4] TPP-HF 1 irSttK^OSJS 

=^t^/^-i)-t^^y:t^i^y—^m) 1) =^if-:/f-://^ 
^ (Xanthine/Xanthine O x ida 

se) ^lCoV->To 

df■^^>'^>:^-^->^^-^f (X. o. ) tts^'f-mns.oo 

iHWMo-fj}-:/, IfiWFAD. 2i®CD^'-^A^-S£|| 

^' v^n'^' ^^rl-5o X. o. (idri^vf-:/ (X) h^^^ 

K (02-) tmmt^^ (HzOz) 

[0 0 2 5] 
(^k6] 




[0 0 2 6] z.(Dmifsmm^'imt\^x^hi.<^ 

\f^Wi^1^4'<. -entirtlc (X. o. +x) 
fciSg§H2 0 2 i^^^-r^ r 1 1 fc* "9 *0 tjtiTV^?iV\ 
H2 02 t^-/-'-:^=Jrf-l' K (02-) tm^k^^ 

m-ht. 'mL\^^^iri>Wi^i!r>(Dfm\:LiioXU3. 

b e r-We i s s SJ$:;6SiifT U •'^'f Ki3^-WV'7v' 
(-OH) ;6S^^i-5*OS:f£:f4SJSS;A©i:t5!9 

H202 + Fe2* » • OH + OH- + F e^* 

02 -l-F e^* »02 + F e^* 

H2 0zt02-(Dmi^. ''<yyr~(omc'0M\^^^ix?> 



[0 0 2 7] :L(DXoI!1. 

'>^—^j^i^\t^t^x'±^-ti±/i:mmmxh ?> hi 



02, 02-. ' ommi^i^^^Lxtsy) . :i<Dm^T 
p p-HF 1 ?riCffi-rtti4\ ^mm^'^Txnisii.mm 

ilciLfc, m^i^. H202, 02-(D^fi^ix{z.Mi-?)m. 

mMXhi>:^^y—^. ;^-/^-:^:3r->Kx'^';^i^^- 
if (SOD) $r^An1--5- tClJ;'?. TPO-HFl*? 

40 xmiVtZo If, SDOtcJ;oTH202, O2- 

i)im^'inm.m^n^mm{tTBB<DRft^^tti *> xh 

catalase 
2H,Of ►2H,0 + 0, 

SOD 

2 0,- + 2H* ►HjOa+O, 

x. o. i^h^jijL-thOi- tHiOinit^-i^m^S:*) 

:k^<m\ir^o mk.\mmmm^±.^-tz\:i-^fixo 

so 2-w^H:^*sjtUH2 02tti^/>l-5o SKSSfcio 




(9) 



Kf-yf" (Fridovich) J;oT^§tufc^{4=l-t*-o 
THi^SrtTofcc r.w^{4=TT-H. O2- tH202;65^1: 
(iBi^l. 2MM/inin. ) ^^l"?., 
[0 0 2 8] 2) TPP-HF IWRiSttO^tW 
TPP-HFlSr7y Kfy'?^ (Fridovich) bl^i-^ 

>"^>-5 0 uM%-^ts^<yyr~ (.0. ImMEDTA 
Sr-g-tf 5 OmM;* y ^7j>.y i/g!/<S/7T-, pH7. 10 
8) fpiCTPP-HF li>Mcfi^mBtl 0 uMtti:i>Xo 
lC)^Srf3S4L, X. O. Sr^IlL-CSJj:SrM«6Lfc:. 
^ft f:: J; o T^^-f 5 T P P O - H F 1 «:t3t3SSo8# 

a) lc;^p5tv-5J;5(-. X. o. mM^^^X^t/t^St 

b) X. o. ^mm\.f£t-':>rcm-^ {^y-^i^) \ai^ 

c) H2O2, 02-ropi.S?tiJT'fo'5*^y— if. 

d) SODSrS^-f-St. ^Jt3^l*©*S*nds«ia$tt 20 

[0 0 2 9] ^(-J;oT^{l:;i5jj)fijgtL:fcc:i: 
A^ib, SJ£:ic:iiH2 02;45i£i>g-Cfc5:it;S5i3;!).5, - 

5., H2 02^c:J;oT®?^l^^iSjS^Tf 5<0-C-fcntf, SOD 

o^JDp i;i i o T^^l:KfS*5{gii $ ix 5 - t ;j5^S $ 

T-»±T P P-HF 1 «®S'fkSt£;f4H2 02-^02--ei4tS t 
A/ if iifTii:-f> Ig^^ttfcTPPO-HF lOm^tSSS 

*fc, X. O. ^m\iLXU-ib<LX^^mMti1>^t. 

y)^titim(nmti>^s^&mi:m\'^x\>^^^t-h. 21^ 

5o TPP-HFSf4H202, O2-. 

• oH<D3mnm^wtm<D'pX'it • om^iMi^xm^^R « 

PJib/i^l-'io/co Sfc. :^ma-immtLX^:y^<^ti^ 
*#L-CV^5;45, TPP-HFlO^Jttt^'y/N-j^roi^ 

[00 30] 3) TP PO-HF l^^roSt^ 
d^i^yf•y/^^•^^>5^:^:^#v':?'-^f ^tc J; 19 T P P O 
-HF i/iis^1-5jag^:^)t;^'<^ h/K^^-fbt-io 

Tiiei^Lfc. iiai2) X. o. (omm 
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nmgSftzKftfiiJl-->7 h L« *i^6<](CTPPO-HF 

-HF, TPPO-HF(Oi^g6<]ttKi:-iS:LTJ3"9. 
Rtt^(Df^^TPPO-HF ii!>^±]$.Lti^timm^tl 
fc, 

[00 3 1] TPP-HF 1 t«*/j;^ttS^*S«St£: 

T P P - H F 1 t mmt7i<.m<ORlt^ 

-CttT P P - H F K O df- v'^/UfC*!- Lift 

t^. :^:iX'am.^]&mit7i^m^M^xTPP-HF 1 1 

(DR^s^ii^fiLtZo TPP-HF lSr5 0mM*y 
AD >'m^<-yyr- (pH7. 8) icMcfS^mSti 0 ^Mk 

t£ii:0imi!>^U ®SiSfi495nin, *3tjKft525ninT© 

5)-PBiaij;e uyb, s iis^ i «? . t p p - 

H F 1 J± 1 0 iit M<r)mmi\:7kmimi^XiiS.fSiT^i)m 

fi V ^^^-a- (4 li i ^ t'^^tiJptt^ b ^xT. \z.m 

i: « li i: A/ if RJS; V \ 
[0 0 3 2] TPP-HF 1 tz-N-f Ko=3fv'/U7v^*/l' 

1) F e n t o ng:JS^^oV^•t 
Tf4F e n t o nUL^- 

H202 + Fe2* > • OH + OH- + F (F 

e n t o nRiS) 

5. 2ffiW^S-1';^-V (Fe^O 1i^mk\til^miiR^^\, 
3«Oi^'('::i-V (Fe^O t ^-^^ Kd df-c/yi^y 

^ IJ. i o -c 3 0 g>£Art t V ^ 5 ii ^5 -c^-^^M^iil^k $ ixT 

^Blrofcfe. ^U-h^jDTPA (diethylenetriamine 
pentaacetate) ^rfflV'^fcc 

[0 0 3 3] 2) TP P-HF(DRj^;tt<0<^ft 
m^\t. 0. ImMSr-ttfS 0mM*y !>Ay 
T-'f'tCTPP-HF 1 Sr^i^SSEl 0 AtMi:/i5J;p 

RlS;^:^*^ L^ho F e 5 0 M Mi: 

SEJtl 0 MMt U/Co F e2' ^4Ma<biS^/^F e (N 

H4) 2 (SO4) 2S:fflV^fc. -/y^i/bX^X. Fe^^fc' 
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it. w^^wi 9 \z^-t. m^a) F e 2* tmmt 

c) f4Fe2*fc'»tW*^. -&LTd) ft^^y^'^-C-fc 

So ) 

-C t ^ ro^Ji?^ lb ^^-C'fe 5„ 
[0 0 3 4] F e n t o nR!t><Of^^i.'0. TPP-H 

F 1 (i-'^-r Kn=^f-->/i^7v':*-'M;i>?t-L.-Ci^i/^SJ£:tt4r^ 10 

^fi|^T-^^1-5l»l:'tSttSI^^ (H2O2, 02-, • 
OH) ICBILT KD^-WW^v^^/H-StU #^ 

[0 0 3 51 «-fe1t@f^ajC^t1-5TPP-HF irog 

Bm^m\mmm\^Mi-i t p p - h f i oKjstt^rit 

§^Ufc<t5t-^ TP P-HF 1 (4 • OH^e:*fL•Cii5V^R 

mKse^-rim^mMmmmmi-i>^. fs\tmm i o 

AeMfofc!9(DTPP-HF 10^5tiS*<OJS*lH:$rJtK 20 
bit, F e n t o nRj&T-. iggfefk*^ 1 0 m M*»f>4 

{k^r 1 t LT. ^nmwStt^^a 1 0 At Mfofc •? 
^ ('O2) irNOtt, KE 

P-1 (endoperoxide) tNO ^^^J-CfeSNOC I3 
((Hrabie. J.A. , J. Org. Chem. , 58, pp. 1472-1476. 1 

13. 7^^) 1 0 /iMfifttlSSlSraffit'J, TP 30 

p-HF it;i*n-5R)c£;tt<D*a*rits ■r/ii3*>. -oh 

(diSTPP-HF ItOt^^tSfiSiSSnSrl t b, fiferoS 

[0 0 3 6] 
[«2] 
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R 


a) 


• OK 


1. 0 


b) 




0.011 


c) 


'O2 


0. 13 


d) 


NO 


0.050 



[0 0 3 7] 

l^mni^^] J^±iE-<ycJ; ptc. TPP-HFIll4/> 

(afficoiswitfteq] 

1(111] (I) f4TPP-HF l(0 3i«»:7u*)t;^-5^ h 
(I I) «TPPO-HF iro315:5u«^t;^'<^' h 

[EI2] (I) »4TPP-HF 20 32fe7C*3te;^-<^' K 
/K (II) HTPPO-HF 2ro3]J:7C*3t;^'<^ h 

[HIS] TPP-HF lib'iUtTPPO-HF iro^Jt 

[134] TPP-HF 2*5J:OfTPPO-HF 2<0«3t 
© p Hft#<t 

[05] TPPO-HF|gro^)t3fi««}§;S«fel¥tt 
[06] X. O. ^Sr^^TPPO-HF l:gfefi)c»Cj;5 

[0 7] X. o. <omn^xi>Kit^(omihm<o^^z't 

[0 8] iigj^bic^w^BJc J; i>S.it^<omW4t(omtlt<o 
[09] Ko^^•>-y^7t?*/^t TP P-HF 1<^S 



[0 3] 



[04] 




TPP-HF l*JJ;WTPPO-HF irofiJfeOpHft^ 




P P-HF2^3J:tfTP PO-HF 20»*0p HKfiFHl 



(11) 0 0 0- 3 2 1 2 6 2 



imi] 




(12) 



TPP-HF2 



400.0 



[02] 







\ i 

\ \ 






! 

u / / } i 


i I \ J 
\ \ \ / 

3> 1 ^ ^ 


1 


\ 
1 

\ 

* 1 


■ 


f 

» 

i 
j 

5 



2000 



EH 
^30.0 
nm 



0.000 



.400.0 



2000 



5!0.0 
nm 



0.000 



450.0 



(I) 



TPPO-HF2 

500.0 



400.0 




556.0 



2500 




0.000 



"tOO.O 



2500 



iilO.O 
nm 



0.000 



450.0 



(I 1) 





[US] 


am 


a 

g 600. 




m 




^ 400- 




0. 





□ TPP0-HF2 
* TPPO-HF 1 



O OJS 0-6 0.75 1 125 



[TMP-Hrm] (mM) 

T p p o-i [ pm<o^!Xi^f$c<n9^yimm 
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[07] 




4aa440 460 4«osoas2a^ sooszoswseossoaw 
eaStfi (nm) ' J8*«ft (nm) 



ims] 

lOOOn 



Sj- 750- 




0-1— I , , , , f 

0 10 20 30 40 50 60 
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m9] 




30 



40 



a) + 10jiMH2O2 
+ 10nMFe2+ 

b) + 10jiM H2O2 

c) + 10mM Fe2+ 

d) blank 



60 



F^^-ix(#%) 2G042 
2G054 
4H050 



AAOl BBil BB20 BEOS CB03 
DA03 DA08 

AAIO ABIO CA07 CA30 CE02 
EA03 GA04 GB02 
AA03 AB20 AB92 



